Potential non-response bias was investigated in a follow-up study of 2,0H chronicMly disabled patients. 82.5% and 73.3% of the study subjects responded to self-administered mail questionnaires respectively at 6-month and 1-year follow.up. Information on employment status, the outcome of .interest, of approximately 90% o.f the non, respondents was obtained from indirect sources. Employment rate was lower among the non-respondents than the respondents. Non-response ~vas associated with age, social class, previous employment record, and the type of disability; but none of these characteristics were associated with the outcome. Out .of the five known independent risk factors for unemployment, only one (incompletion of rehabilitation course) was associated with non-response. The employment rate among the respondents ~was also assessed accord,ing to the delay in response, that is the number of reminders sent to achieve response. The outcome a m o n g -t h e late respondents was similar to that among the nonrespondents. These data suggest that (a) risk estimates may be t~iased even when the response rate is greater than 80%, (b) the prevalence of risk factors among non-respondents may not indicate the presence or the degree of non-response bias, but (c) reliable estimates can be obtained from extrapolations of the rates among the respondents according to the delay in response.
INTRODUCTION
Non-response in prospective studies may be described as (a) non-participation by a s,ec,ti.on of a study sample, (b) loss among participants due to death (for .example, i,n morbidity or social studies) or emigration, and (c) non-response to follow-up among study subjects available for the follow-up. Any one or all of these sources .of selection process may be operating in a prospective study. Irrespective of :the type, if non-response 4s associated with the risk factors and the outcome of interest, Nsk estimates are very likely to be biased (9). In any case, an estimate o.f the incidence of outcome a m o n g non-respondents is necessary in order to assess [he presence and the extent of possible non-response bias. Theoretically, however, non-response bias may exist even when the risk factor prevalence and .outcome incidence among the non-respondents are the same as a m o n g the respondents (4, 7) .
Desp.ite the .preventive measures, some degree of non-response is frequently found in prospective studies. Ideally, a separate follow-up .o£ a representative s,ample of non-respondents .shoutd be carried out to ascertain the outcome. Alternatively, the required information may be obtained from an indirect source, such ,as hosp4tals and regist,eries ~(9). Depending on the outcome of interest, these procedures may not be possible or feasible. If the study sample is a homogenous group, s.om.e investigators assume no difference in outcome between respondents and non-respondents (1). Such assumptions are not uncommonly made in cross-sectional surveys achieving response rates as low ,as 49% (17). Estima,tion of the ~, maximum or m~in~imum possible incidence >, in non-respondents has :also been professed (10). Accordin,gly, a range of rates for the study sample is calculated, one extreme on the assumpion that the non-respondents have had a favorable outcome and the other on the opposite assumpti,on; the true rate being somewhere between tl~e two extremes. Alternatively, it might be assumed that the non-respondents have an incidence rate double or half that of the respondents ( 11 ). Unless the nonresponse rate is low and the outcome is .a frequent ,event, a range of risk estimates is og limited use (9). Besides, the interpretation of the relative risk will b.e difficult if there is a weak association between risk factor(s) and outcome, that is, if ,one extreme of the range of risk ratios is not s,ign, ifieantly different from 1.
It may be possible to .obtain information .on demographic characteristics of the non-p.articipan,ts from other sources. A comparison of the parti,cip,a.n, ts and tbe non-participants with respect to age, sex, education and employment ,status has been used to rule out non-response bias (1). It is assumed that groups with similar characteristics will have MmLilar risk,s. But, these characteristics may not be risk factors for the .outcome of interest ; and even ~if they are, the two groups with similar demographic characteristics may differ from ,each other with respect to other risk factors. However, if there is non-response to follow-up, it may be p.ossib.}e to estimate the incidence .of outcome among the non-respondents ,from b'aseHne prevalence of. ,risk factors in the non-respon~dents.
The influence of the event under iaavestigation on health or psychosocial .survey response behavior has been demonstrated in many stu~es. It appears that non-resp'ondents resemble more with 'l.~te respondents ,in terms of the prevalence of the event or characteristic of interest, .than with early respondents (2, 6, 8, 12) . Although an estimate fo.r non-respondents is based on guesswork, it .is an informed guess .(2). Tl~i's procedure has not been utilized in estimating the incidence of outcome ~n non-respondents in prospective studies.
An .opportunity to study response behavior and the characteristics of non-respondents occurred during a follow-up study of ~ainful employment in a cohort of chronically disabled subjects (14, 15) . This report presents summary data to demonstrate that the prevalence of known risk factors may give misleading .estimates ,of outcome in non-respondents, and that response behavior of respondents gives an indication of the probable direction of non-respo.nse bias, if it exists.
MATERIAL AND METHODS
The study population consisted of all .economically active disabled patients with employment problems a.ttributable to their disabi~lity .discharged from three rehabilitation centres in ,Greater London, England, during the years 1973 to 1975 (two centres) and 1975 to 1976 (one centre). Details o.f demographic and social characteristics, and medical and employment histories were obtained from the case no'tes at the three centres. The results of functional and psychological assessments for each participant, and general unemployment rates in his/her home area .at the time of discharge from the centre and :during follow-up were also recorded. These data are routinely collected and reco.rded in a standard form at the .centre.s (15).
Members of the original cohort who for any reason (.death, .emigration, or confinement .~o prison) were not at risk of unemployment in the United Kingdom were excluded from fol}ow-up. Data .on a group of 398 patients, who were attending a recommended full-time vocational training ,course during the follow-up period, were analyzed separately since they could not be counted as ,, unemployed ,,. Follow-up was conducted by self-administered mail questionnaires 6 months and 1 year after discharge. Subsets of .the study population were followed for 2, 3, or 5 years. At each follow-up, the questionnaire inquired in confidence about employment, vocational training, and the reasons for unemployment where applicable. Up to four reminders were mailed to those who fai:led to return the completed questionnMres. Telephone contacts were also made with ,those avMlable on the telephone. In:formation ab.out the employmen't ,and/or vocational training status ,of the non-respondents was obtained from other sources; these included disablement resettlement officers, government employment ,o.ffices, social workers, family physicians, hospitals, employers, relatives and friends.
The choice of study variables (risk factors for unemployment in disabled people) was based on our earlier observations and those ,of other investigators (15). The data presented here are restricted to the results ,of 6-month mad 1-year follow-up of those at risk .of unemployment (excluding trainees) during the observation period. The study outcome is defined as full=time gainful employment during the follow-up period. Further details of the study population, follow-up and analytical methods are given elsewhere (13-15). The ×2 test was used to assess the signi,fi,cance of differences between proportions. The level of statistical s'ignificance of all associations described here was set at 5% or less.
RESULTS
The results of the 6-month and 1-year follow-up are given in Table 1 . Outcome was not known for 29 (1.4°,5) patients at thee 6-month follow-up and 57 (2.9%) patients at the 1-year follow-up. Hereafter, , non-reSpondents ,, will be def, ined as those subjects who did not respond to fol.low-up and in,formation .about their e m p l o y m e n t status was obtained f r o m o,ther sources. At the 6-mon'th ~ollo.w-up, 44.8°'0 o,f the 1659 respondents and 34.4% of the 323 non-respondents had been employed. At the 1-year follow-up, 51.2% o,f the 1436 respondents and 43.8% of the 465 non-resp,ondents had been employed. The differences between empl.oyment rates a m o n g the respondents and non-respondents are s.tatically sign,ificant (p < 0.01).
T A B L E 1, Response to follow-up of chronically disabled patients discharged from three English rehabilitation centres in 1973-76.
6-month follow-up .I-year follo~e-up n. % n. % The study variables are listed in Table 2 . Nonresponse was positively associated with lower s.oc,ial class, poor past e m p l o y m e n t record, and certain types of disability; it was ,inversely associ,ated with age, and the completion of a rehabilitation course. Response rates according t.o the level of each of these independent vari,ables have been published elsewhere (13). For example, 84.3% of the responden.ts to the 1-year follow-up and 76.2% o.f the non-respondents had completed their rehabilitation course, in a multiple regress,ion analysis of the data on the respondents and nonrespondents, i,ndependent risk-factors for an adverse o.utcome were a low level of moti,eatio,n for work, .a high level of physical disability, long duration of u n e m p l o y m e n t before rehabil,itat, ion, failure to complete a rehab.il.itat}on course, and a high level of general u n e m p l o y m e n t in thei'r h o m e area..(Details of these analyses, regression coeffici,ents for each variable, and multiple co,rrel~ation coefficients are ~iven in previous reports (14, 15)). Hence, only one variable, the completion of a rehabil,itation course, was associated with both non-respons.e and the outcome. The ass.oeiation, however, was r a t h e r weak. The r 2 for the • Associated with outcome. independent relationship between this risk factor and the ,outcome was only 0.02, as c o m p a r e d to r 2 of 0.16 for all .the five risk factors (15).
At the 6-month follow-up, 73.8% .of .the 1659 respondents returned the first qu,est~iormaire mailed to them, the remaining 26.2% r e s p o n d e d to reminders. The corresponding proporVions ,at the 1-year follow-up were 66.9% and 33.1%. Tbe e m p l o y m e n t status of the respondents according to the delay in response, i.e. the n u m b e r ,of reminders mail.ed to achieve response, a n d o,f 'the non-resp.ondents is given in Table 3 . At each followup, the e m p l o y m e n t rate was highest amor~g the r e s p o n d e n t s who responded wi.thout being reminded (early respondents), intermediate a m o n g the respondents who returned questionnaires after reminder( s ) ( late respondents ), and lowest among the non-respondents.
T A B L E 3. Employment status according to response behaviour of .chronically disabled patients discharged from three English rehabilitation centres in 1973-76 and followed for one year. 
DISCUSSION
The results of this study provi,de some i m p o r t a n t methodological pointers. The outc,ome a m o n g the non-respondents was sigr~iNcantly different f r o m that among the respondents even when tile response rate was .as high .as 82.5% , (Tables 1 .and 3) . Due to the unusual nature of the outcome of interest ,in this study, personal characteristics, such as age, sex, and social class, were not associated with the outcome (Table 2 ). An interesting finding was that the prevalence .o,f four out of the fi~.e risk factors a m o n g the non-respondents was similar to that a m o n g ,the respondents ( Table 2 ). The fifth risk 'factor, that was associated with non-response, explained ,a very small p r o p o r t i o n .of the variance in the outcome. Consequently, the rate of e m p l o y m e n t in the nonrespondents predicted f r o m the prevalence of i~isk factors ( a m o n g the non-respondents) would have been grossly .overestimated, and the mag,nitude of expected non-response bias wou~d have been unqderestimated.
The tower e m p l o y m e n t rate a m o n g the nonrespon~dents ,as c o m p a r e d to the respondents (TabLe 3 ) m a y to some extent be .due to the .effect of .outcome on response behavior. It m a y also be that ,certain factors not considered in this study, that influence the risk o,f u n e m p l o y m e n t in the disabled, were m o r e or less prevalent in 'the nonrespondents than in the respondents. An altern, afive explanation m a y be that although the prevalence of known or u n k n o w n risk factors was similar among the two groups, the interaction between the risk factors and the outcome anaong the respondents was different f r o m that among t~he non-respondents. This p a t t e r n of differenN~a'l interaction m a y be analogous t o the p h e n o m e n o n of <, the worried well ,, (4) . A good example o.f ~ the worried well ,, were the participants .of the Collaborative Lipid Research P r o g r a m Study (5) . In this study, a subset of non-participants were interviewe:d on the telephone. As c o m p a r e d to the participants, the prevalence .of cardiovascular disease was higher a m o n g the non-participants, but tile prevalence of a history of hyp.erlipidemia and family history of ,cardiovascular disease was lower.
There are several d o c u m e n t e d examples of the potential use of response behavior of responden,ts for estimating the prevalence .of the event of interest .among non-respondents. Co.chrane (3) observed that among Welsh coal miners invited to a screening p r o g r a m , the prevalence o,f p~lmo-nary tubercolosis was the lowest a m o n g those miners who participated early and the highest among }at.e respondents. In a mail survey .of m e n participating in the N o r m a t i v e Aging Study .in ~he Veterans Administration Clinic 'in Boston (12), c o m p a r e d to late respondents, the prevalence ,o~ cigarette smoking was lower :among early respondents ,and higher among non-respondents. A similar p a t t e r n was .observed in a rather different ,context, a mortality follow-up of psychiatric patients. In this study, death rate among the group ,of patients ,traced with relative .ease was lower than that a m o n g the group requiring intensive tracing (16).
The data presented in Table 3 support the viewpoint that late respondents are potential .nonrespondents, and that the outcome a m o n g nonrespondents is very likely to be similar ,to that among late .respondents. If this assumption is empirically tenable, should a d~irect extrapolation be made f r o m potential non-respondents to actual non,respondents, or 'is a linear extrapolation dictated? A trend seen in Table 3 suggests th,at a linear extrapolation might be appropriate. Even ~,f the precise magnitude of non-response bias can not .be estimated f r o m such extrapolati,ons, an examination of response behavior should afford a clue .to the presence and direction of non-response bias (.6).
It should be realized that tile objectives .of this study were to asses~s the determinants ,of socioeconomic consequences of chronic di.sability rather than the determinants of chronic disability. The study cohort were diseased .or injured subjects with residual impairments, the outcome of interest was employment, mail questionnaires were used for follow-up, and the observation cp.eriod was bl~ief. Non-response rates were not very high. Consequently, tbe inclusion of the non-respondents made little difference to th,e overall e m p l o y m e n i rates ,(43.0% vs. 44.7% at 6 months, .and 49.4% vs. 51.251.2% at 1 year), although the e m p l o y m e n t rates among the two .groups were ,significantly different (Table 3) . In ,studies with non-response rates h~igher than 'in ~h, is study .or a greater differei~..ce in o~tco,me a m o n g the respondents and the non-respondents, the inclzlsion of the non-respondents m a y ,substanti.ally alter the overall rate. The findings of this study m a y not be replicable in .other situations, but 'they .should provide encouragem,ent for exptoi,ting prospectively collected data particularly in studi,es where response m a y be affected by the outcome.
In conclusion, risk estimates in a prospective study m a y be biased even when the res.pon.se rate ~i,s greater than 80%. The presence of non-response bias or ,its magnitude can not be estimated with confidence f r o m the associations between response ,and d e m o g r a p h i c characteristics, o,r f r o m the prevalence of risk factors among the non-respo,n-,dents. If ,data on the incidence of outcome in the non-resp,ondents are available f r o m indirect sources, the validity of extrapolations f r o m rates among the respondents according to the delay in response should be tested under different conditions.
